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ABSTRACT

To determine if additives in greases have effe'*s upon
bearing fatigue life overriding thickener and oil effects,
grea8es of the Military Specification M!L-G-10924B type
were made, with and without additives, using low -viscosity
nap ;henic or paraffinic mineral oils thickened with calcium
oi, l.thum 12-"hydroxystearate. They were tested in the
roll.ing contact adaptation of the Four Ball Extreme Pressure
Tester with 52100 steel balls at 1,200,000 psi. Hertz load
and ambient temperatures.

Fatigue life improvement over the oils was greater
using calcinn scap instead of lithium soap as the grease
thickener, Nonylphenoxyacetic acid was relatively inef-
fective for improving fatigue life in all greases except
the lithium base paraffinic oil grease.

The insoluble crystalline additives with good lubri-
catng properties, molybdenum disulfide and molybdenum di-
butyldithioczrbamate, were very effective for improving
fatigue life in greases of both thickener types. The oil
miscible molyLdenum dibutyldithiophosphate in the calcium
base paraffinic oil grease was nearly as effective as the
latter, which was the best fatigue inhibiting additive
tested, but was less effective than either of the above
additives in the lithium soap paraffinJr oil grease. With
the less effsctive tricresyl phosphate the relative im-
provement of fatigue life in these two greases was reversd.
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FOREWORD

This work was performed undtz: a project assigned to

this Research Laboratory under tt 4- e "Lubricantd,

Friction and Wear," Project Order 1C024401A107 AMCCZ

Code 5025.11.801, Sub-Task "Effects of General Types )f

Lubricant Additives Upon Bearing Metal Fatigue."
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PROBLEi

The purpose of this work is to determine the effects
of additives in Military Specification MIL-G-10924B type
greases on the fatigue life of 52100 steel ball bearings
relative to the effects of the base oils and thickeners.

BACKCROUND

Onp of the missions of this Research Laboratory is
the moirtenance of Military Specification MIL-G-lI924B
and the qualification and surveillance of greases undur
its requirements. 'ris is the most widely used grease
parchadea by the Government most of which goes for auto-
motive vehicle lutrIcation. !he extended relubrication
intervals being recommended by autoao, 'e manufacturers
means that lubricated pprts are inspected much lesq often
and metal fatigue becomes a more important consideration
in the performance life of bearings.

Considerable work has been done on factors affecting
bearing fatigue life. These factors include load, tempera-
tuxe, speed, surface finish, ]ubricant base stock and vis-
cosity as well as metallic grain size, fiber orientation
and hardness obtained by various melting ad quenching
techniques on many bearing compositions. (1) When this pro-
jezt was initiated the literature contained few references
coucerning the eff3ct of lubricant additives.

A previous report on work done at Rock l-iand Arsenal
indicated thit additives in oils of the types used in
MUlitary Specification MJL-G-10924B greases have varying
effects upon the fatigue life of 52100 steel balls in )
rolling contact adaptation of the Four Ball EP Tester.k2 )

(1) Bisson, E. E. and Anderson, W. J., "Advanced bearing
Tashnology," Nationa, Aeronautics and Space Adminis-
tration SP-38, pp. 383-448. J. S Govjrnment Printing
Ofilce, 1964.

(2) Fisher, Max T. , "Lubricant Addittve Effects Upon Beaing
Metal Fatigue: I.Rolling Contact Adaptation for Four Ball
EP Tester," Rock island Arsenal Research & Engineering
Division Technical Report 66-1293 (AD No. 634112),
April 1966.
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A moe recent paper by Rounds i3) states that some long chainr
polar additives and sulfur containing a4Editives gave maximum
bsneficia1 life in the one to two percent region in oil
whereas some chlorine and pho 'sphorus additives were detri--
mental at nearly all concentrations. He believes these
effects to be chemical rather than physical in nature and
hi- data indi:-tes that the beneficial effects may be due
to the formation of surface coatings which have the proper
characteristics.

it would be expected that grease thickeners would have
effects -upon the fatigue _fe o.i bearitngs. It is Do-,, known
if additives in grease woulu have effects overriding those
of these thickeners.

APPRO~ACH

Greases of the Military Specification MIL-G-10924B
ty-e were made by the in ixu 'eaction nf eithe, calcium
oxide or 1Uthium hydroxide with a commercial fatty acid
consisting of 85% 12-hydroxystearic acid. Both the naph-
thenic and paraffinic oils, !IseO in the previous investi-
gation of bearirg metal fatigue effc~cts of oil-additive
m_-xtures, were thickened with oither the lithlum or calcium
soap. These were made in such a manner as to obtain approxi-
mftely the same consistency at a ten percent thiCkODerc.'con-
centration. The naphthenic and paraffJLn4 - oils had viscos-

tie of80 USat 100 0 F. and viaccalty indexes of 30 and 95,

Two _.dditives w.'iich, in the oils, -were most influential

in their effects upon fatigue life in the previous work,
wer#. inco,% pc.ated in five percent~ concentrations into one-
third 1-artions of each of the four groases. T11hese were
nonylphenoxyacet ic tcid, a r-ust preventiv -"%d.~tJva A.%1Xz

decr....Sed the fatigue life of 52100 steel balis, and moly-
bdenum disulfide with which good improve-nenf of fatigue
life was obtained. No additive was included in the other
ore-tVird portPon of each g:,ease.

These greases and t.-3 base oils were evaliated in the
rolling contawt adaptatior of the Four Ball EP Tester under
the same cc,.ditions (600 kg. load at 1800 rp.m. and amnbient
tempernturec& as were the oil-additive combintio.-. tested
previously. This load is equi-alent to approxi. tely
11200,0"j psi. between the top and bottom balls, Thus, the
fatigu- efX -cts of the oil, thickener and additive ;zoipon-
eats of the grease could be compared,

(3) Rounds, Fred G., "Some Effects cf Additives on Rolling
Contact Fitigue," ASLE Preprint No. 6616-27, Oct. 1966.



The test assembly was thoroughly cleaned in equal parts
of chloroform, benzene and acetone before each test. Twelve
tests to failure were made with each ibricant. The order
of testing this series of lubricants v-.s reversed after
duplicate runs on each to compensate f.or differences that
could be attribuLed to wear of the race and minimize pos-

sible effects to the race surface due to tne previous lub-
ricant used. It was necessary to use a second race adapter
to obtain thq 12 runs with each lubricant when wear and
fatigue on tne first race was obviously contributing to
lower fatigue lives. The 12 tests per lubricant represent
six tests with each race. These races were identicl,
metallurgically and dimensionally, as nearly as could be
determined, but previous work occasionally showed that
fatigue life can be affected by the choice of race adapters,
No such pattern could be detected in this case, however.
A vibration mqnitor and control automatically shut off the
machine when a fatigue failure occurred.

The fatigue test result& were treated according to
statistical methods described by Leonard G. Johnson(4) ex-
cept that lower ball failures were so infrequent (less than
two percent) that they were disregarded and the tests re-
peated. The stress cycles to failure were plotteC on
Weibull probability paper and the bearing fatigue lives
compared oa the basis of 50 percent probability of survival
(designated "B50 Life" by bearing engineers). Too few
tests were run on each lubricant to get a reliable estimate
of the B10 Life (90% probability of survival).

Excellent fatigue life improvement obtained with moly-
bdenum disulfide as the lubricant edditive in grease insti-
gated tests using another insoluble solid anti-wear additive,
molybdenum dibutyldithiocarbamata, to see if perhaps this
improvement can be attri'luted to solid lubricants, as such.
Another molybdenum compound, molybdenum dibutyldithiophos-
phate, was included in this series. This additive is re-
ported to have anti-weaA and extreme pressure properties
but is miscible with mineral oil and, except for the phos-
phate radical, is chemically similar to the carbamate. A
third additive in this series, the oil-miscible tricresyl-
phosphate, provided fatigue life improvement in the oil
reported previously and may serve as a check on the effects
of the phosphate radical in the former compound. The base
greases, containing no additives, served as reference lub--
ricantSo Because of time limitations the naphthenic oil

(4) Johnson. L. G., "The Statistical Treatment of Fatigue
Experiments," Elsevier Publishing Company, 1964.

9



was not included as a part of this series of lubricants.

Wear on the lower three balls was recorded as milli-
grams per minute weight loss in Rn attempt to associate
this r-operty with fatigue failure time or lubricant compo-
sition.

RESULTS AND DISCUSSION

The B56 fatigue lives of the lubricants using Race 13
were nearly equal to those using Race 15. Consequently,
the B. lives of the composites concurred -iosely with

rseresults. Test results using a third race were ap-

preciably higher, however, and were not incorporated into
the reported data. This discrepancy between races is un-
explained but not unusual although the race adapters were
made as nearly identical as possible.

The non-additive paraffinic oil greases were the only
bases for comparing fatigue test results using Race 10 and
Races 13 and 15. Using Race 10 the B 6 life with the
calcium base grease was a little higher than when using
Races 13 and 15. With the lithium base grease the magni-
tude of the B 5 0 lives using these races was reversed. This
is also difficult to explain but the difference is not great.

In considering the change of fatigue life imparted by the
additives, the choice of race adapters sMtildoalso be con
sidered.

The B; lives (maximum stress cycles at which no more
than 50% ffllures can be expected) of naphthenic oil greases
in Figure 1 show the lithium 12-hydroxystearate h-viLr little
influence in fatigue life. Thickening the oil with calcium
soap almost doubled the fatigue life obtained with the naph-
thenic oil. Nonylphenoxyacetic acid had a more beneficdi
effect in lithium base grease than in the calcium base grease

but this effect was small compared to the fatigue life im-
provement imparted to Loth greases by molybdenum disulfide.

Figures 2 and 3 show these thickeners and additives
having about the same -afluence on fatigue life with para-
finic oil lubricants except that the calcium soap was less
influential in the paraffinic oil. However, the B5q fatigue
life of 52100 steel balls with this oil was nearly aouble
that with the naphthenic oil to begin with.

Referring to Figure 4, fatigue lives with lubricants con-
taining molybdenum disulfide was independent of oil and
thickener effects. The influence of the calcium soap and
nonylphenoxyacetic acid in calcium soap greases was relatively

10
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A - No AdditiverB -5% Nonyiphenoxy Acetic Acid
C - 5% Voiybdenum Disulfide
D - 5% Tricremyl Phosphate
I - 5% No Dibutyldithio Carbamate

600 F- 5% do Dibutyldithio Phosphate

Race No. 10 Races No. 13 It 15

.C

202
00

A B C DEF Par A B CD E F A F Naph. AB8C
Ca 12-OH Stea- Oil Li 12-OH Stea- Ca-Naph- Oil Li-Naph-
rate 4araffinic rate Paraffinic thenic theric
Oil Grease Oil Grease Oil Oil Grease

Grease

FIGURE 4 LUBRICANT ADDITIVE EFFECTS
ON THE B5 0 FATIGUE LI.FE OF 52100 STEEL BALLS
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independent of oil influences. This waz not true with lithium
base greases. Tricresyl phosphate in paraffin oil greasos
also seemed to have an effect upon fatigue life independent
of thickener type.

There appears to be an interaction between one or both
soapsand the molybdenum dibutyldithiocarbamate or phosphate
additiveF to form different surface coatings on the balls
which results in varying fat'gue lives. The appearance of
the cleaned lower balls after test fortifies this theory.
The color of these balls was quite distinctive with the
latter two addit'ves depending oh.*heth4ii -hey.we~ecneor-
porated into lihium or calcium base greases. No dif-
ference in bl1 appearance was visually detectable with
the other additives.

Of primary interest is the quite pronounced improvement
of 52100 steel ball bearing fatigue life with the second
insoluble solid additive, molybdenum dibutyldithiocarbamate.
This improvement is considerably greater than that obtained
with molybdenum disulfide, which showed the most beneficial
affects in the previous series of tests. Molybdenum di-
butyldithiophosphate in the calcium soap-paraffinic oil
grease also showed excellent fatigue life improvement but
in lithium boap grease the improvement was much less.

Table i snows the wear rates on the bottom three balls
of the Four "->11 Fatigue L4 fc Tests with the various lubri-
cant compo...ins and their relationship to fatigue life.

Little difi erence in wear could be detected between
lubricants containing naphtheni. and paraffinic oils except
possibly for the nonadditive lithium soap greaseq. The
fatigue life, however, was generally less with lubricants

containing naphthenic oil.

Calcium zoap greases made with these oils reduced wear
to nil abd increased fatigue life. Wear reduction was less
with the lithium soap thickener and the fatigue life changed
little, increasing slightly ii. naphthenic oil and decreasing
a little in paraffinic oil.

The wear and fatigue properties of three of the four
greases were affected little by the addition of nonyl-
phenoxyacetic apid. In the lithium base paraffinic oil
grease, however, wear was reduced and fatigue life increased
with this additive.

15
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Molybdenum disulfide, tricresylphosphate and the two
organic molybdenum additives had no adverse effects on wear
in the calcium base greases with which wear WLJ already very
low. These additives in lithium base greases reduced wear
to a minimum with one exceptica. This exception was that
molybdenum dibutyldithiophosphate in lithium soap paraffinic
oil g-ease reduced the wear only to a level comparable to
that uutained with nonylphenoxyacetic acid in this grease.
Fatigue life with the latter two greases was also nearly
the same and considerably shorter than that with the other
lithium soap additive combinations in paraffinic oil.

zvidently hlgh wear rates are a factor in obtaining
lower fatigue lives but not the only influence. There is
quite a variation in the fatigue lives of greases showing
little or no wear.

CONCLUSIONS

The rolling contact adaptation for the Four Ball
Extreme Pressure Tester has proved to be a useful and
relatively economical means of determining fatigue effects
of lubricants on 52100 steel balls.

The low viscosity paraffinic oil was a little more
eneficial to fatigue life than was the naphthenic oil of

t:he same %iscosity at 100 0 F. Since these teBts were run
at amb nt temPerature-, the lower viscosity of the Laph-
thenic oil at the higher temperatures could be an influence.

Lower fatigue lives were usually accompanied by higher
wear rates.

Calcium base greases were usually more beneficial to
fatigue life and wear than their lithium base counterparts.

Nonylphenoxyacetic acid was relatively ineffective for
improving fatigue life in all greases except lithium 12-
hydrostearate-paraffinic oil grease.

The insoluble solid additives with good lubricating

properties, molybdenum disulfide and wolybdenun dibutyl-
6ithiocarbamate, were very effective in all greases for ex-
tending the fatigue life of 52100 steel balls.

Molybdenum dibutyldithiophosphate was very beneficial
to fatigue life in the paraffinic oil thickened with cal-
cium soap but much less effective in this oil thickened
with lithium soap. For the other phosphate additive, tri-
cresyl phosphate, the relative Improvement of fatigue life
in these two greases was reversted.

17



The color of the balls after test was distinctive with
each of the organ'-_ molybdenum additives, depending on
whether they were incorporated into the lithium or calcium
base grease. This and varying fatigue results indicate
int3raction between the additives, thickeners and balls to
form different surface coatings having unique properties.
Fatigue results indicate this is also true with nonyl-
phenoxyatetic acid but no distinctive coloration of the
balls collaborates this.

The ball surface coloration and B .ife was unique
to the additive with molybdenum disulf ide and tricresyl
phosphate regardlesf of which grease they were incorpor-
ated into. The thickener influence was evidenLiy nil
witi, greases containing these additives.

RECOMMENDATIONS

It is recomnmenced that additives normally used in
Military Specificatcon MIL-G-10924B greases be evaluated
for their effects t'-on bearing metal fatisae singly and in
combination. Als) the effects an fatigue life of the in-
soluble solid tv .e lubricant additives in fully formulated
greases of this type should be determined. Possible ad-
verse effects on fatigue life of otherwise excellent ad-
ditives might be neutralized or obscured by the excellent
fatigue extending properties of these solid lubricant ad-

The effects upon fatigue life of non-soap thickeneo
greases should also be evaluated.

18
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